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OPERATING CONDITIONS for air compres. 


sors vary from one installation to an- 
other. And wo one oil can handle a/l/ of ¢ 


them. So your best bet for clean com. A 1 


pressor operation is to use the oil thats 

exactly right for your compressors and 

your operating conditions. Texaco has 
e 


it. 


Ud 

There is a complete line of Texaco 
air compressor oils to assure clean, ef 
ficient operation and low maintenancc 
costs—whatever the size or type ot 
compressor, whatever the operating 
conditions. A Texaco Lubrication En 
gineer will gladly help you select the 
proper one, 

Just call the nearest of the more than 
2,000 Texaco Distributing Plants in 
the 48 States, or write: 

The Texas Company, 135 East 42nd 
Street, New York 17, N. Y. 
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Some Problems Associated with 
Compressor Lubrication 


OMPRESSORS are used in so many different temperatures forming varnish-like or gummy de- 
applications that they may well be judged _ posits. High pressure compression with its attend- 
as one of industry's most useful tools. The ant high temperatures was not commercially suc- 
lvancement of their use has been so closely allied cessful until after petroleum became readily 
ith industrial progress that further expansion in available in 1862. The first petroleum oils were 


pressor applications appears to be without limit. superior to fatty oils as lubricants but were parat- 
| order to keep pace with industrial development _ finics high in c irbon residue and still left excessive 
has been necessary to increase the output of these carbonaceous deposits. It was not until 1900 that 
hines by increasing their size and horsepower the low carbon residue Gulf Coast and California 
well as the pressure and speed at which they oper- —_ naphthenc crudes became available. Because of 
(hese improvements have not only been made the reputation and established characteristics of 
ompressors handling air but for a wide variety paraffin base oils which make them suitable for 
ases used in refrigeration, refinery operations, many applications, it was many years before the 
ical processes, gas transmission and the rap- ability of the newer naphthene oils to keep air 
expanding petrochemical industry. There is | compressor valves much cleaner was fully appre- 
a trend to incorporate automatic push button ciated. 
vices to improve control and reduce the atten- One of the first differences noted between the 
on required by an operator. These changes have fatty oils and the new petroleum lubricants was that 
iced increasing demands on the necessity of while the animal and vegetable oils would emulsify 


er lubrication to insure satisfactory operation. or mix with water and lubricate under wet con- 
s not only requires the careful selection of ditions, the mineral oils would not. It was soon 
ricants to meet the specific needs of the com- found, however, that a few percent of fatty oil 
sor and its allied equipment, but care must be added to petroleum oils made them emulsifiable. 


ised to assure that the lubricants reach the Such oils, commonly referred to as compounded 
1on surfac es free of contaminants and in the oils. may be used for cvlinder lubrication when the 
per amount. air or gas contains a high percentage of moisture 


PRR Oe Ler kOe OR RD PS ee ee Oe | 


‘arly compressors were lubricated by drip feed or condensable liquid. 
s filled with animal oils such as sperm oil. These In the late 1930's it was discovered that the 
© 's oxidize readily and decompose under high addition of certain oil soluble soaps to straight 
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Figure 1 — Sectional view of a two-stage compressor unit. Note features of the pressure lubricating system. 


mineral oils improved their detergent or cleansing 
properties. This development was accompanied 
by the incorporation of many different types of 
additive agents in lubricating oils, such as oxida- 
tion and rust inhibitors, pour point depressants, 
viscosity index improvers, and antifoam agents to 
improve their performance in certain machines, 
including compressors in their varied applications. 
Synthetic oils are being used in recent specialized 
applications where certain performance character- 
istics can not be attained by the use of naturally 
occurring petroleum material. Although their use 
has been relatively limited, synthetic lubricants 
will possibly enter the lubrication picture as fur- 
ther improvements are made and more knowledge 
is gained as to their performance characteristics. 


COMPRESSOR TYPES 

Compressors are generally classified into three 
principal types: (1) reciprocating piston compres- 
sors, comprising the conventional piston and cylin- 
der, a crank mechanism to impart reciprocating 
motion to the piston, and valves to control admis- 
sion and discharge of air; (2) rotary compressors 
in which compression is effected by the positive 
displacement of rotating elements; and (3) centrif- 
ugal or turbo compressors in which the air or gas 
is compressed by the dynamic action of rotating 
vanes or impellers. 


tv 


— 


FUNCTION OF A COMPRESSOR 
LUBRICANT 

Proper lubrication is essential to the satisfactory 
functioning of the various sliding and rotating 
parts of these machines. The most important func- 
tion of a lubricant is to reduce friction and mini- 
mize wear of the working parts. The lubricant 
must also provide an adequate piston ring and 
packing seal to prevent the escape of gas and to 
serve as a heat transfer medium. Valves must be 
lubricated without impairing their action by the 
formation of carbon. Bearings must be lubricated 
and protected against ccrrosion with minimum 
friction. In some applications the lubricant must 
also provide protection against rusting. Before 
discussing the selection of lubricants to perform 
these important functiors it would be well to 
present some of the factors which must be con- 
sidered in the problems associated with compressor 
lubrication. 


ADEQUATE INSTALLATION 


Many problems which might be encountered in 
the operation and lubrication of compressors may 
be solved before they occur by giving careful 
attention to the proper installation of the com- 
pressor and providing for the necessary auxiliary 
equipment. This is not so much a factor with port- 
able self contained units as for stationary installa- 
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water for cy 
and 
and temperatures rf 


tions. The manufacturer 
provides this type of equipment; 


compressor usually 
the 


must furnish complete information on 


supply of cooling 


however, der heads, intercoolers 


customer provided 


the compressor requirements for the manufacturer ance with manufacturer's instructions 
to make adequate recommendations. The compres- water should normally be 
sor should be located in a clean, well lighted area intercooler first and 


of sufficient size to permit cleaning, inspection and condensation on the cylinder w 
iny dismantling which may be required. The foun- 
dation should be well designed to avoid transmis- 
sion of vibration and alignment difficulties. If the 
un the air intake should be 
arefully located and equipped with an efficient 
filter of adequate size to prevent contamination 
by moisture, dust, smoke and fumes, paint, or other 
air borne materials which will accelerate deposit 
formation and wear of parts regardless of the type 


aligned to avoid uneven wea 
All piping, 


eq juipm lent mt 


function. valv 


it t be 


is an air compressor, 
always has metal 
inside. If metal 
foreign material 


some chip 


ples cs. pipe 


are 


aftercoolers must 


not carefully 
will be loosened by the flow of air or gas or liquid 


linder jackets, cylin- 
be 
egulated in accord- 
The coldest 


passed through the 
then to the cylinders to avoid 


alls. The compressor 


and related driving equipment must be carefully 


r and possible mal- 


es, and accessory 


thoroughly cleaned before in- 
stallation Pipe hich has been welded or threaded 


s or welding slugs 
scale, dirt and all 


removed, they 


of lubricant used. The air intake should be of nd will cause serious damage. It is necessary 
adequate size and as short and direct as possible, that a thorough study be carried out to insure 


and the filter should be located to ig ease of 
cleaning. In installations it desirable 
install a simple manometer gage on the intake pipe 


some to and lubrication problem iS, 


determine when the filter requires attention Break-In 
Where necessary, provisions should be made for The starting up and break- 
surge chambers, knock out drums, intercoolers, is a very critical period and if 


adequate installation in order 


to avoid operation 


in of 


iC 


a compressor 
is not carried out 


aftercoolers, scrubbers, moisture and oil traps and prope rly serious damage may be encountered. 
related equipment to assure that the gas entering Manufacturer's instructions should be carefully 
or leaving the compressor is properly cooled and followed and the unit should be thoroughly 
as clean and dry as possible. All piping should be cleaned and inspected. Pistons, rings, cylinders, 


bearings 
with 


carefully 


ror ol 


arrange 
and 


d to avoid unnecessary pockets 
moisture cumulate and _ suitable 
traps or drain valves installed to the 

} ipressor should be well supported to relieve the 


rod packing 


to a well covered oil durin 


crankcase 
with the proper oil 


The piping 


mpressor of incidental stress and to avoid pos- primed with oil and then disc« 
SI ble misalignment of cylinders. The discharge of application to insure an ad 
pipe and receiver or surge chamber should be of is available. During the initi 
sufficient size to minimize vibration and should be unit should be watched very 
equipped with traps or drains. Safety valves — if any sign of overheating or o 
should be located in accordance with good engi All moving parts should be 


ring practice and provision shoul d be made for _ they are — lubricated an 


the installation of necessary temperature and pres- ing should be investigated. 
sure indicating and regulating devices. An adequate —_ usually 
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Figure 2 — Reciprocating compressor installation. 
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Figure 3 — Mechanical lubricator installation on horizontally opposed compressor unit. 


increasing speeds and loads with frequent inspec- 
tions to assure that dirt, metal chips, foreign par 
ticles, and water leaks are not being encountered 
The oil around the packing glands, piston rods and 
valve chamber pockets should be inspected for any 
signs of finely divided metallic particles. The time 
when the oil has become absolutely clean and free 
of particles may serve as a guide that the packing 
is ready to seal against full pressure and the rings 
are seated in the cylinders. The compressor should 
not be considered fully broken-in until it can pull 
full load and pressure. 


Wear and Over-Lubrication 

One of the biggest problems encountered in 
compressor lubrication is that the operator, on ob- 
serving wear, increases the amount of oil fed to the 
compressor cylinders. This problem is particularly 
applicable to air compressors where over-lubrication 
may result in excessive carbonization of the dis- 
charge valves and increased discharge temperatures. 
Wear is not ordinarily a problem in compressor 
lubrication provided the oil and air are kept clean. 
Extensive investigations have indicated excessive 
wear is generally associated with contamination 
of the intake air in the form of dirt, pipe scale, 
welding beads, rust particles, entrained moisture, 
and condensation, and is seldom due to insufficient 
lubrication. Misalignment, improper piston and 
ring clearances, and inadequate cooling will also 
cause increased wear. 

During the break-in process it is desirable to 
use a liberal quantity of oil until the rings are well 
seated and the cylinders are glazed. However, when 
the unit is ready to pull full load the amount of 
oil should be reduced to the minimum required 
for satisfactory lubrication. Because of the many 
variables involving the size and speed of the com- 
pressor, the condition of the pistons, rings and 
cylinder walls, the viscosity of the oil, and whether 


it is fed by splash from the crankcase, injected 
into the intake air or by a separate force feed 
lubricator, it is inadvisable to establish any hard 
and fast rule as to the theoretically proper amount 
of oil that should be supplied to a cylinder. As a 
starting point to determine the proper feed rate, 
the lubricator should be set to deliver one drop ot 
oil per cylinder per minute for every 1,000 square 
feet of cylinder surface swept per minute. The 
amount of oil used should approximate 1/10 pint 
per 10 hours per 1,000 square feet of cylinder 
surface swept per minute. After running a few 
hours pull one of the discharge valves and observe 
the interior surface of the cylinder. It should feel 
oily at the top but there should be no evidence of 
excess oil on the piston or in the discharge passages. 
Reset the lubricator until examination of the cyl- 
inder reveals a satisfactory condition. Once this 
is determined, measure the actual amount of oil 
consumed and use this as a basis for keeping th: 
oil feed rate in line, supplementing by occasional 
inspections of the cylinders. The amount of oil 
fed to the piston rod packing should be similarly 
reduced until the rod shows a thin continuous 
film and no excess oil coming from the packing 
vent or accumulating in the cylinder yokes. 

Force feed lubricators and lines should be 
cleaned and inspected at periodic intervals to in- 
sure the correct amount of clean oil reaches the 
lubrication points. Where liquid type sight feed 
lubricators are used, the drops of oil will carry over 
a trace of the sight glass fluid into the cylinders 
so that it is necessary to replenish the liquid every 
few months. The rate of carryover is relatively low 
for straight mineral oils where water or mixtures 
of water and glycerine are used; however, some 
additive type oils containing detergent or dis- 
persant components may carry over all the sight 
glass liquid in a matter of days. The displacement 
of the sight feed liquid by the oil does not affect 
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the oil feed rate but does finally make it impos- 
sible to observe the number of drops being fed. 
Such a problem is not difficult to solve, however, 
as lubricator solutions have been found which will 
provide the desired performance for particular 
additive oils. Unfortunately, no one lubricator 
solution has yet been found that will be satis- 
factory for all types of additive oils. 

In the splash system the oil in the crankcase ts 
splashed by a scoop on the ends of the connecting 
rods onto the bearings and cylinders. The amount 
of splash can be regulated by varying the length of 
the scoop or the oil level. The oil level should be 
checked daily and oil added or drained off as neces 
sary. Too low an oil level may cause lubrication 
failure. Too high an oil level may cause foaming 
and high oil consumption. Oil control rings in 
single acting splash lubricated compressors should 
be maintained in satisfactory condition to pre 


vent excessive oil consumption 


Deposits 

Another important problem that may be en 
countered in compressor lubrication 1s the forma 
tion of deposits. Perhaps the most objectionable 
place for deposits to form is on the discharge 
valves where they can impair the action and result 
in excessive discharge temperatures. Deposits in 
intercoolers, aftercoolers, pistons and crankcase 
may also reduce the ethciency of the unit. The 
formation of these deposits may be caused by 
several of the following factors. 


|. Excessive discharge temperatures 
2. Excessive oil consumption 

3. Dirt, rust, pipe scale, etc. 

4. Gas contamination 


. Unstable gases 


7, 


ATION 


6. Reaction between gas and lubricating oil 
Water contamination 

8. Wrong kind of oil. 

As there are an infinite number of conditions 
where deposits may be formed in gas compressors 
the following discussion will be limited to air 
compressor valve deposits: 

The intake valve of an air compressor nor- 
mally does not present a lubrication problem since 
it is kept cool by the incoming air; however, 
even in the best regulated compressors, carbon may 
deposit on the discharge valve. Since it is located 
in the discharge air stream, the discharge valve 
will be at the temperature of the compressed air. 
Disregarding the cooling effect of the jacket water 
and the heating effect of friction and wire draw- 
ing, the discharge air temperature will theoretically 
reach the temperatures shown in Table I. 


TABLE I 
Air Compressor Discharge Temperature 
{pproxin Come , 
« , ns 7 f I 
P Sir Stave Double § 
SO 350 210 
LOO SOO 250 
200 310 
300 _ 350 


In a well cooled compressor the discharge tem- 
peratures will be under these values; however, 
discharge valve leaks or higher than normal intake 
temperatures will result in values above the theo- 
retical. One of the easiest ways to form a carbo- 
naceous deposit is to spread a thin film of oil on a 
hot surface in the presence of air which is exactly 





Courtesy General Electric Company 


Figure 4 — Axial-flow compressor rotor for gas turbine locomotive power plant. Bearings lubricated 
from pressure system, 
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the condition existing at the discharge valve ot 
an air compressor. Excessive quantities of lubri- 
cating oil and contaminating materials in the in- 
take air stream will greatly accelerate the forma- 
tion of these deposits. The amount and nature of 
the deposit will also depend on the type of oil, 
the compression temperature, and the design of 
the valve. 

In order to determine the effect that 
type oils may have on carbon formation, five dif- 


ferent type commercial oils were evaluated in a 


various 


series of laboratory tests'. Each of the oils selected 
had a viscosity of approximately 300 Saybolt Sec- 
onds at 100°F. Their composition and physical 
tests are shown in Table II. 

The results of these laboratory tests are shown 
in Table III and the oils are listed on the basis 
of their service performance. 

It will be noted that neither the oxidation re- 
sistance nor the carbon residue tests evaluated the 
oils in the order of their service ratings. Therefore 
a special test was set up in which the oil was ex- 
posed in a thin film on an iron plate for 24 hours 
at various temperatures and the percent residue 
determined. This thin film checked 
very well with service experience. A similar cor- 


residue test 


Compressor Lubrication, by K. L. H 
ing, Aug. 


Lubrication Engineer- 
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1950, 














January, 1954 


TABLE II 
Composition and Identification Tests 
SSU at Grat 1 , 
100° F (Pi Number Ash. 
‘STM ASTM ASTM STM 
Oils D-&s 1D-28 D D.48 
Inhibited 
Naphthene 306 25] 0.03 0.00 
Straight Naphthene 306 23.1 0.03 0.00 
( ompounded 
Napthene (39%) 293 23.1 6.50 0.01 
Detergent Paraffin 345 27.5 1.60 0.24 
Straight Paraffin 323 29.3 0.03 0.00 


relation may be drawn between the thin film residue 
test and the evaporation rate as tt will be seen that 
the oils having the greatest evaporation rate exhibi 
the lowest deposit forming tendencies. The flas} 
point test also compares with evaporation rate an 
carbon formation. On the basis of these data an 
extensive service experience, it has been found tha 
amount of 


the most volatile oils form the least 


carbon. From a_ valve standpoint, 
light and as 
used for air 


and bearing 


operating 
volatile an oil as possible should | 
compressor lubrication. The cylinde: 
however 


lubrication requirements, 


Courtesy Worthington Corporation 


Figure 5 — Sectional view of gas engine driven compressor unit. 
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Figure 6 


Courtesy Joy Manufacturing Company 


- Semi-radial reciprocating two-stage compressor. Cylinders are lubricated by mechani- 


cal lubricator and all bearings are under oil pressure from gear type pump located in crankcase. 


may call for a heavier ot! which results in a com 
promise between viscosity and volatility 


AIR COMPRESSOR EXPLOSIONS 
AND RECEIVER FIRES 

[In the previous discussion it was pointed out 
that excessive lubrication, particularly with un- 
suitable oils combined with contaminated air and 
excessive discharge temperatures, could result in the 
formation of carbonaceous deposits on the dis- 
charge valves. These deposits not only impair the 
action of the valves but if they begin to hold the 


valve open, the discharge temperature will increase 
progressively with each stroke of the compressor. 
If the compressor is not shut down relatively soon 
after this develops, the discharge air may become 
hot enough to cause spontaneous ignition of the 
deposit. With further development of heat the 
deposit can become incandescent and under certain 
conditions may weaken an area in the high pressure 
section to cause a rupture or ignite an accumula- 
tion of oil mist and vapor in the discharge area. 
The occurrence of such accidents is extremely 
rare, however, the unsound practice of demanding 


TABLE Ill 


Carbon Formation Indicators 





Service Oxidation Carbon 
P rm ance Re tstan R side ¢ 
Ol Rating Rating ASTM D-189 
Ir hibited Naphthene 0.02 
Siraight Naphthene 2 { 0.01 
C mpounded Naphthene 3 5 0.03 
Petergent Paraffin { 2 0.37 
Siraight Paraffin 5 3 0.01 


Flash Evaporation Thin Film 
P int Rate Re sianue 
COC. °F Oz/sq. ft/hr, at °F. %o at °F. 
ASTM D-92 250 350 450 250 350 150 
385 020 .026 .096 19 5 4 
380 016 .031 .076 14 9 6 
395 020 .031 .076 16 10 10 
$35 006 .010 .043 37 16 10 
44( .003 .006 .036 37 7p. 13 
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: Factors Which Control Dependable 


Compressor Operation 





1. Adequate installation — Manufacturers’ instruction books  pro- 
vide an excellent guide for the proper installation of the compressor 
and its auxiliary equipment, in addition to recommended opera- 
tion, lubrication and maintenance practices which should be carc 
fully followed. 


2. Controlled lubrication — Supply the proper amount of clean oil 
to lubricate the cylinders, valves, rods and bearings. Drain and 
clean the crankcase and lubricators at necessary intervals consistent 
with operating conditions. Effective lubrication can best be judged 
by periodically observing the condition of the lubricated surfaces 


3. Clean Intake Air or Gas — Filters, scrubbers, knockout drums, 
separators and related equipment should be cleaned and adjusted 
at frequent intervals to insure that the gas or air entering the com- 
pressor is properly cooled and as clean and dry as possible. 


4. Adequate circulation of cooling water or air — Insures satisfac- 
tory cylinder operating temperatures and efficient performance of 
intercoolers and aftercoolers. Cylinder temperatures should be suf- 
ficiently high to avoid “sweating” or condensation of gases com- 
pressed, or from moisture in the intake air. 


5. Efficient intercoolers and aftercoolers — Maintain in a clean con- 
dition to insure effective cooling of the compressed gas and separa- 
tion of condensed liquid. Drain receivers, intercoolers and traps 
daily — removal of water and condensed liquid prevents liquid 
carryover, rusting and excessive accumulation of oil. 


6. Satisfactory valve operation — Inspect valves and discharge pas- 
sages at frequent intervals and clean when necessary. | 


7. Periodic inspections of — Cylinders, piston assemblies, packing, 


running gear and regulating devices will aid in maintaining the 
compressor in top operating condition. 





8. Properly selected lubricating oil — Provides effective lubrication 


of friction surfaces and minimizes the formation of objectionable : 
deposits. Storage and dispensing equipment should be kept in a i 
clean condition and free of moisture, dirt or other contaminating | 
materials. 
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Factors Which May React Against 


6. 


Efficient Compressor Operation 


. Excessive vibration and poor alignment — Can result in acceler- 


ated wear if compressor ts not installed properly. 


. Excessive oil feed — Will lead to formation of objectionable de- 
posits on valves, cooling surfaces, and oil lines. Maintain proper 


oil level in reservoir and correct oil pressure to bearings. 


. Compression of dirty air or gas — Will cause scoring or abrasion 
of cylinder walls, piston rings and valves and will hasten the for- 


mation of deposits. 


4, Dirty or inefficient intercoolers and aftercoolers — Will result in 


excessive discharge gas temperatures and accelerate wear and de- 


pe sit formation, 


.Entrained moisture or liquid “slugs” — Will seriously affect 
cylinder lubrication and should be avoided by adequate cooling 


and maintenance of separators knockout drums, intercoolers, ete. 


Air leaks or blowby — Due to leaky valves or stuck piston rings 
will lower compressor output and materially increase discharge 
temperatures. Frequent observation of compressor pressures and 
temperatures are desirable to check for signs of possible malfunc- 


tioning. 


. Knocking or excessive noise — May be due to worn or improperly 
fitted bearings, loose fly wheel, worn crossheads, loose piston, in- 
sufficient head clearance, deposits in clearance space or liquid in 
cylinders. Become accustomed to the sound of the compressor when 
operating normally as any unusual sounds will often warn the 


operator of possible trouble. 


. Careless selection of lubricating oil Suitable precautions 
should be taken to assure that the right oil is used in the right 


location. 
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Courtesy Norwalk Company, Ir 


Figure 7 — Multi-stage compressor for pressures up to 25,000 pounds. Mechanical lubricator used 
for cylinders. 


a high flash point oil to prevent them is not so rare 
Extensive investigations?.3 have been conducted 
and there has been a general agreement that an oil 
having the least tendency to form carbon should 
be used. These investigations have also established 
the fact that the flash point in the lubricating oil 
range has no relationship to the occurrence of such 
accidents. 

The flash point of a lubricating oil is merely an 
indication of the temperature required to vaporize 
a sufficient amount of oil to form an inflammable 
mixture with air at atmospheric pressure when 
exposed to an open flame. Based on vapor pres- 
sure determinations made by observing the initial 
boiling points of oils under reduced pressure, ap- 
proximately one percent oil vapor is required 
Under higher pressures such as exist in an air com- 
pressor, considerably higher temperatures would be 
required to vaporize a sufhcient amount of oil to 
form an inflammable mixture. Therefore, the for- 
mation of an inflammable mixture in the discharge 
side of the compressor is not so much a function of 
the flash point temperature as the concentration of 
oil mist from the oil which is continually being 
scraped off the cylinder walls by the piston rings 
and discharged through the valves. This is further 
reason to reduce oil consumption to the minimum 
required for satisfactory lubrication. 

Experimental work‘ has shown that the lower 


2U S. Bureau of Mines Report of Investigations 4465, June 1949 
by H. W. Busch, L. B. Berger and H. H. Schrenk 

3Mechanism of Explosions in Compressed Air Pipe Ranges, by 
R. Loison. Published by The Safety for Mines Research Estab 
lishment Ministry of Fuel and Power, Buxton, England 


Fog Explosions’’) by F. Huber and 


4'‘(tber Nebelexplosionen’’ ( : 
angewandte Chemie, Vol. 36, 1923, 


H. Wolff, Zeitschrift fur 


pp. 373-377. 


limit of inflammability of an oil mist and air 
essentially the same on a weight basis as for th 
oil in the form of a vapor. For ignition to occur | 
either the mist or the vapor state, its temperatur 
must be raised well above the spontaneous ign 
tion temperature which for lubricating oils ma 
be from two to three times higher than its flas 
point. 

Further work’ has shown that there is litt! 
or no relationship between flash point temperatur 
and spontaneous ignition temperature, and und 
less ideal conditions for ignition (i.e., when th 
rate of heat transfer from the point of ignitio 
to the surrounding atmosphere is relatively high 
considerably higher temperatures will be requir 
to ignite the same material. This may be illustrate 
by Table IV which shows the variations betwe« 


Hash point, spontaneous ignition and minimur 


ignition temperatures fer a wide range of lubricat 


ing oils. Considering the many thousands of con 
pressors in daily operation and the relatively lov 
number of air compressor explosions and receive 
fires, these ideal conditions are rarely encounter 
and then only under very adverse circumstances 
As a matter of incerest the above-mentioné 
investigations have shown that actual discharg 
valve deposits removed from malfunctioning 2 
compressors may become exothermic at temper. 
tures as low as 309°F.3. Work carried out by th 
Bureau of Mines? indicated the deposits “ma 
become exothermic at 482°F. This exotherrii 
reaction temperature may be described as the ten 
Diesel Engine Crankcase Explosion Investigation,’’ by G. W 


Ferguson, Transactions o: the American Mechar 
Engineers, Vol. 74, 1952, pp. 7-21. 
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TABLE IV 
Ignition Characteristics of Various Oils 


Spontane Minimun 


1 Pornt lent ; I 
CO I Temperatuy ler 
STM D-92. °F.. ASTM I 
Naphthene Base Oils 
SAE-10 385 755 1500 
SAE-30 395 Vivi. 1500 
SAE-50 125 $10 1500 
Parattin Base Oils 
SAE-10 110 730 1500 
SAE-30 190 790 1500 
SAE-50 S00 795 1500 
Heavy Duty Oils 
SAE-10 130 710 1500 
SAE-30 140 780 1500 
SAE-S0 165 S15 1500 
Heavy Duty Oil Plus 
3 Diesel Fuel 400 780 1500 
100 Diesel Fuel 300 730 1500 
0% Diesel Fuel 261 TS 1500 
I I N I 


deve lops more heat 


this te mperature 1s 


perature at which the deposit 
than it can dissipate. When 

reached the deposit becomes progressively hotter 
reaching an incandescent stage. The latter value 
(482°F) has been correlated with temperatures 
developed in similar compressor units in which 
explosions occurred. As shown in the wide varia 
tions in experimental results (from 309°F to 
i82°F) the exothermic reaction temperature will 
depend on the type of deposit formed and the heat 


isfer condition existing in the vicinity of thc 


deposit. 


igure 8 illustrates the practical relationship of 
the exothermic reaction temperature of actual com 
pressor deposits in relation to the calculated tem 
perature of adiabatic 
wh increased pressure and intake air temperature. 


single stage compression 


J 


ese curves not only indicate the desirability for 
liruiting discharge temperatures to a safe value but 
su gest the use of automatic, temperature actuated 
sh :toff mechanisms to avert possible accidents 
frm operation at abnormally high temperatures. 
I! ese mechanisms would also be of value in pro 
te ing against possible piston seizure and scoured 
cy nders which might be encountered from exces 
si > discharge temperatures or valve failure. 


CONDENSATION AND COMPRESSOR 
COOLING 


Water can affect compressor lubrication in sev 
it condenses on the cylinder walls 
it will interfere with lubrication and cause wear 
If it is present in any portion of the system rusting 
may occur. Rusting in turn can result in excessive 
wear of either the rubbing surfaces of the com- 
pressor or connected pneumatic machines. With 
certain gases such as H,S the presence of water 
may also cause serious corrosion difficulties. The 
same five oils previously described were subjected 
to the ASTM Rusting Test, the Humidity Cabinet 
Test and their rust protection qualities compared 
It will be noted from Table V that the rust and 
oxidation inhibited oil and the detergent oil offer 
the best rust protection. If good water separation 
is desired, the inhibited type oil is preferred 
Where water ts actually condensing on the cylinder 
walls, then an emulsifiable lubricant is needed and 
a compounded oil is preferred although a deter- 


gent oil may sometimes be used. 


eral ways. It 


To determine where condensation occurs in a 
system, the relative humidity has 
From Table VI 
it will be noted that beginning with air having a 
relative humidity of 100%, the only place the air 


compress¢ d air 


been calculated at various points 





TEMPERATURE AT WHICH CARBON DEPOSITS FROM 
AIR-COMPRESSORS INDICATED EXOTHERMIC 
REACTION WHEN HEATED IN AIR —————w+ 








50 
COMPRESSION PRESSURE, POUNDS 
PER SQUARE INCH GAGE 


Figure 8 — Relation of temperature of single-stage adiabatic 
compression to temperature at which carbon deposits from 
air compressors were found to exhibit exothermic reaction. 
From: United States Bureau of Mines Report 
RI-4465, by H. W. Busch, L. B 

June, 1949 


of Investigations No. 
Berger and H. H. Schrenk, 
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Figure 9 — Duplex, double 


January, 1954 





Courtesy Ingersoll-Rand Company 


acting reciprocating compressor. Cylinders are lubricated from mechanical 


lubricator and bearings from pressure system, 


becomes saturated in the entire compressed air sys- 
tem is in the aftercooler and in the distribution 
lines. Thus an emulsifiable oil is seldom needed, 
except where the compressor cylinder jacket cool- 
ing water is considerably below atmospheric tem- 
perature, or inter-cooling is insufficient and super- 
saturated air reaches the higher stage cylinders. 
Entrained moisture will adversely affect cylinder 
lubrication and the intercoolers, separators and 
knockout drums should be well designed to prevent 
carryover of liquid particles. In multi-stage 
machines the cooling water should be circulated 
first to the intercoolers, then to the low pressure 
cylinder and last to the high pressure cylinder. To 
reduce the possibility of condensation, the jacket 
temperature of the high pressure cylinder should be 
at least 15° F. higher than the intercooler tem- 
perature. 


BEARING LUBRICATION 

Compressor bearings are usually lubricated by 
force feed or splash systems although other meth- 
ods are occasionally employed. As the bearings are 
usually well designed for the loads encountered 
and are made of relatively non-corrodable mate- 
rials very few lubrication problems are encountered. 
For most compressors a good grade straight mineral 
oil may be used and if possible the same grade oil as 
used for cylinder lubrication. However, manufac- 
turers recommendation must be followed in this 
respect to insure the proper viscosity for the par- 
ticular machine. Where compressors may be 
equipped with corrodable type bearings such as 


those containing lead either in the alloy form, suc! 
as a lead base babbitt, or in the pure state, as it 
the case of dispersed lead in copper lead mixtures 
the oil should be suitably fortified to protec 
against corrosion. While bearing corrosion has no: 
been a problem in compressor lubrication, such 
possibility cannot be overlooked with the desig: 
of new machines. This is a lubrication responsibil 
ity of the bearing and compressor manufacturer 
together with the oil industry. 


SELECTION OF LUBRICANTS 
The selection of lubricants to perform the vari 
ous functions previously outlined will depend or 
the type of gas compressed, the type of compressor 





TABLE V 
Water Reaction 
Anti-Rust Humidity 
Ratine Cahinet 
ASTM Rating Emulsifyin 
Oils D665 _AN-H-31 Tend J 
Inhibited ’ 
Naphthene 1 2. Non-emulsifying 
Detergent 
Paraffin 2 1 Emulsifiable 
Compounded 
Naphthene 3 3 Emulsifiable 
Straight 
Paraffin 4 5 Non-emulsifying 
Straight a 
Naphthene 5 4 Non-emulsifying| 
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may actually rule out the use of superior lubricants 
TABLE VI for a particular service. Therefore, it is recom- 
Condition of Air Passing Through a 100 Pound mended that the purchaser limit such specifications 
Single Stage Air Compressor to cover the more important physical characteristics 
a such as viscosity and pour point, and a description 
rae Fawn Neneh of the particular type of service intended. The 
: 3 following discussion outlines some of the more 
7 important considerations given in the selection of 
Atmosphere Intake 0 6) 100 ompressor lubricants. 
Beginning of Compression 0 75 74 ; “ 
15-Ib. Compressor 15 172 12 AIR COMPRESSORS 
End of Compression 100 iSS | Under normal conditions any good grade power 
Attercooler (@ 138°F. 100 138 100 plant or industrial oil will satisfactorily lubricate a 
Leaving Aftercooler LOO 80) 1004 large majority of air compressor installations. For 
End of transmission pip¢ Q7 65 100-4 special applications, however, the oil must be 
Tool exhaust 0 55 13 more carefully selected. Where valve deposits are 
| encountered a straight or inhibited naphthenic oil 
1 should be used. The rust and oxidation inhibited 
and the operating conditions including pressures naphthenic oils are recommended where protection 
and temperatures These factors have been consid from rusting of the interior surfaces of the air com- 
ered in a careful study of the physical and chemi pressor, intercooler, aftercooler, receiver, or dis- 
cal properties of lubricating oils as well as their — tributing lines is desired. They are especially rec- 
service performance characteristics. From a practi ommended for units in marine service or where 
cal standpoint the secret ot good lubrication is to humid conditions are encountered as well as for 
maintain a film between rubbing surfaces without units in intermittent or standby service. The rust 
impairing their action by the formation of harm and oxidation inhibited oils are also recommended 
suchiaful deposits Since these films may be affected by where crankcase oil temperatures are relatively high 
1S speeds, loads, pressures, temperatures, contaminat Heavy duty detergent type oils may be used in 
uresfng materials and reaction with the particular gas some units to provide improved cleanliness and 
otecbeing compressed, considerable care should be ex- protect against wear and oxidation; however, from 
s novsercised in selecting compressor lubricants. For a discharge valve deposit standpoint, the straight 
ich :/#these reasons it is difficult if not impossible to draw — or inhibited naphthenic oils are preferred 
esign up specifications which will define the properties If water is condensing on cylinder walls, a com- 
sibil {desired in a lubricant. In fact rigid specifications pounded naphthenic oil, which will emulsify with 
urer 
vari 
id Of 
Cssor 
} 
ying 
fying 
fyit o| Courtesy Clark Brothers Company 


Figure 10 — Cross section of gas engine driven compressor unit. 
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i 4 . oe 
Courtesy Allis Chalmers 


Figure 11 — Sliding vane rotary compressor. Note position of 
lubricator lines to cylinder and shaft seal. 





fins 
the 5 
as dry as possible. Compressors handling such gases ® ¢! 


water is recommended. Compounded oils are not rec- : 
as oxygen, chlorine, hydrogen chloride, nitrogen &mp 


ommended for crankcase lubrication because of 
their poor stability and water separation character- 
istics. Where low starting temperatures are encoun- 
tered the high viscosity index parathnic oils should 
be selected. Where oil free air is required, such as 
for food processing, diving operations, or instru- 
ment air, the compressor 1s either built as a non- 
lubricated unit or suitable oil traps and separators 
are provided to remove any entrained oil particles. 
To reduce the possibility of oil vapors being carried 
over a straight mineral non-volatile oil of fairly 
high viscosity may be necessary. The lubrication of 
high pressure air compressors may vary considerably 
with design and the heavier paraffinic oils are 
sometimes recommended to provide a satisfactory 
piston ring and stuffing box seal. However, where 
valve deposits occur, the naphthenic oils should be 
used for cylinder lubrication. 


dioxide and nitric oxide should be built so that no Bical 
lubrication is required. thou: 
In the compression of hydrocarbon gases  the/@ecre 
absorption and solvent action of gas in the oil ar R | 
the washing effect of the condensed gas on thei En 
lubricating oil film become important factors. En vill 
trained water will adversely affect lubrication andjimou 
the presence of unstable gases may cause excessiv Bell 
deposits in cylinders, valves and lines. Entrainedglther 
dirt, metal chips, pipe scale, rust and other abrasive @rr) 
solids can also result in accelerated wear condi.) Th 
tions. Provided the gas is dry and clean, proper! 
refined straight mineral oils are recommended 
Due to the absorption of the gas in the oil, th 
viscosity should be approximately one grade highe 
than for compressing air. Where the compressor 
handling natural gas are driven by gas engines it 
common practice to lubricate the compressor cy! 
inders with the same grade straight mineral o 
as used in the engine crankcase at moderate dis 


GAS COMPRESSORS 





Lubrication of gas compressors requires the con- _ charge pressures. The effect of gas absorption o 
sideration of several additional factors which are viscosity will depend on the particular gas, pres 
not encountered with air compressors. These in- sure, temperature, and the type oil. Table VI 
clude the thinning of the oil by dissolved gas, the __ illustrates the reduction in viscosity determined 
sludging effect of the gas on the oil, the condensa- several oils when saturated with natural gas 
tion of gas in the compressor cylinder, and the cor- 3000 psi gage. | y 
rosive tendency of the gas. Depending on the These data indicate the need for considerab 
viscosity required for the pressures and cylinder higher viscosity oils at these pressures; howev 
temperatures, straight mineral oils are recom- _ it will be noted that the extent of viscosity redu 
mended for compressors handling such gases as _ tion drops off rapidly with increased temperatu es 
ammonia, carbon monoxide, helium, hydrogen, Therefore for increased pressures the higher 
neon and nitrogen. Well refined straight mineral cosity steam cylinder oils are recommended. 
oils are recommended for carbon dioxide, sulfur If the gas has a tendency to condense on ¢! 
dioxide, hydrogen sulfide, and nitrous oxide. As cylinder walls a heavy compounded oil may | 
these gases are corrosive in the presence of mois- used to resist the washing action. Compounded ) 


ture, steps should be taken to keep the oil and gas _ may also afford some protection when the gas cot 
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TABLE VII 


Effect of Absorption of Natural Gas on Viscosity 


Vi 
c, 
Universa 
s nd 
0 i I 
Co: ercial SAE 30 Oj] $19 67 
Bright Stock plus 200 
Second Neutral Blend 140 57 
Bright Stock plus - : 
Kerosine Blend 50 6 
Bright Stock 2975 165 
Refined Castor Oil 1370 105 
Brom: J. S. Swearinghan and E. D. Redding, “In 1 Eng 


fains water. However, where condensation of either 

the gas or moisture is encountered it 1s advisable 
pases f climinate this condition by jacket 
ogen f&mperatures well above the dew point and if prac- 
it no Bical above the critical temperature of the gas. Al- 
though jacket 
decrease compressor efhiciency, this may be neces- 
lar r to obtain satisfactory performance. 

Bw 


increasing 


increasing the temperatures will 


ntrained liquid either from the gas or water 


< 


t 
Ena@ill seriously affect lubrication and in sufficient 


) andjgmount can result in cylinder failure. In such cases 
ssivemell designed knockout drums, filter blankets, or 
ainedgither suitable devices are desired to prevent the 
rasive@erry-over of entrained particles 


ondi [he presence of unstable and corrosive gases 
per! 


nded 








R { ute | 

' : Ap Py 

I» Of 
5 j j j°F F 
104 11.6 > a 4.5 2.8 
76 10.3 DE. 1.7 _ 
108 8.7 +. 1 2.8 2.4 
94 _ 8.7 1.1 3.9 
94 _ 2.4 2.0 1.8 


wear and de- 
posits. In such cases a chemical analysis of the gas 


may cause sludging and excessive 


and sludge or deposits should be made Depending 
on the nature of the contaminant it may be desir- 
able to install suitable scrubbers or absorbers to 
affect complete removal. Other steps may be taken 
to reduce the deposit forming tendencies by flood- 
ing the cylinders with extra oil or by injecting 
absorber oil into the intake gas stream. This action, 
however, should not be taken without a thorough 
knowledge of the contaminating factors and the 
particular operating conditions 


REFRIGERATOR COMPRESSORS 


As with gas lubrication of 


compressors, the 
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urtesy Chicago Pneumatic Tool Company 


Figure 12 — Three-stage high pressure compressor unit employing forced feed lubrication to all 
cylinders and stuffing box. 
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Figure 13 — Sliding vane rotary compressor. Lubricant fed into intake air 
through lubricating quill. 


refrigeration compressors is a specialized field re- 
quiring a thorough knowledge of the operating 
conditions for the particular gas compressed. In 
most cases, however, the naphthenic oils with low 
pour points, and good water separating character- 
istics are recommended. 


ROTARY COMPRESSORS 

The rotary vane type compressors such as used 
in many portable type air compressor units require 
an oil having sufficient viscosity to prevent wear 
and to seal the rubbing surfaces. The oil must also 
serve as a heat transfer medium to remove the 
heat of compression. Good water separating char- 
acteristics are also required. Either straight mineral 
oils or those containing rust and oxidation inhibi- 
tors are recommended. 


CENTRIFUGAL BLOWERS 


The only lubricant required for centrifugal 
blowers is for the bearings which are usually the 
anti-friction type and are usually grease lubricated. 
The particular grease selected should be of the 
highest quality for the type bearing and service 
condition. 


AXIAL FLOW COMPRESSORS 
The bearings are also the principal elements re- 
quiring lubrication on the axial flow compressor 
and a light viscosity rust and oxidation inhibited 
oil is preferred. 


VACUUM PUMPS 


Vacuum pumps are similar in operation to a 
compressor except they operate at an intake pres- 
sure below atmospheric and discharge at pressures 
at or near atmospheric. Relatively viscous low 
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volatile parattin base oils are usually recommended. 
These oils have lower evaporation rates and pro- 
vide an adequate scal to prevent leakage. As the 


» 


— 


discharge temperatures are somewhat lower than for 


compressor operation the naphthenic oils are not 
required. In some vacuum pump installations, it 
is desirable to install coolers and water separators 
to prevent excessive amounts of moisture or liquid 
from impairing cylinder lubrication. Where mois- 
ture is entering the unit but ts not condensing on 
the cylinder walls a rust and oxidation inhibited 
oil, having good water separation characteristics, 
is preferred. However, where condensation is oc- 
curring on the cylinder walls, a compounded oil is 
desirable to emulsify with the water and provide 
lubrication. For gases other than air, the heavy duty 
detergent oils may provide improved protection 
against the formation of deposits or corrosive wear; 
however the solvent action of the gas may be such 
that a properly refined straight mineral oil is pre- 
ferred. 


CONCLUSION 


Some of the more important problems associat« 
with compressor lubrication have been presente 
in this discussion. Although the proper selection 
and application of lubricants play an important 
part in achieving long periods of trouble-free serv- 
ice, it is equally important that proper attention be 
given to the design, installation and operatien of 
compressor units. Because of the many different 
types of compressors operating under such a wide 
range of operating conditions with so many differ- 
ent gases, it 1s necessary that compressor builders, 
operators, and lubrication engineers work together 
to obtain the most efficient dependable and ecc- 
nomical compressor performance. 

Printed in U. S. A. ty 
Salley & Collins, Ir 


305 East 45th Ser 


New York 17, N. 


oC 
~ 


~~ 





t 

























1954 


ided, 
pro- 
s the 


n for 


not 
is, it 
ators 
quid 
Nols: 
gy on 
vited 
tic S 
; OC: 
il is 
vide 
duty 
tion 
Car; 
such 
pre- 


F 


~ 








LUBRICATE your air compressor 
according to the particular con- 
ditions under which it operates. 
When you follow this “Golden 
Rule,” 


eflicient operation that means 


you'll get the clean 


lower maintenance costs. 
No one oil can be right for 


all types of compressors and all 


TEXACO Kir Compressor Oils 


TEXACO 


OLDEN 





Operating conditions. For this 
reason, there is a complete line 
of Texaco air compressor oils. 
You can always get an oil ex- 
actly right for your compressors 
—whatever their size or type, 
whatever the operating condi- 
tions. A Texaco Lubrication 


Engineer will gladly help you 


compressor 
tion 





make the right selection. 
Just call the nearest of the 
2,000 Texaco Dis- 


tributing Plants in the 48 States, 


more than 
or write: 
The Texas Company, 135 


East 42nd Street, New York 17, 
New York. 


FOR ALL OPERATING CONDITIONS 








AIR COMPRESSOR 
LUBRICATION 


Fact No. 1: You have to lubricate according to the 
particular operating conditions. An oil suitable 
for normal service, for instance, will not be right 
where rusting conditions are bad. There is no one 
oil that can give top results under a// conditions. 
Fact No. 2: You can get an oil from Texaco that 
will assure clean, low-cost compressor perform- 
ance under your particular operating conditions. 


THE TEXAS COMPANY : 


ATLANTA 1, GA., 864 W. Peachtree St., N.W. 
BOSTON 17, MASS 20 Providence Street 
BUFFALO 3, N. Y 14 Lafayette Square 
BUTTE, MONT 220 North Alaska Street 
CHICAGO 4, ILL... ..332 So. Michigan Avenue 
DALLAS 2, TEX 311 South Akard Street 
DENVER 5, COLO 1570 Grant Street 


SEATTLE 11, WASH 


TEXACO PRODUCTS ° 


There is a complete line of Texaco air compressor 
oils—covering every operating condition, every 
type and size of compressor. 

A Texaco Lubrication Engineer will gladly 
help you select the right one. Just call the nearest 
of the more than 2,000 Texaco Distributing Plants 
in the 48 States, or write The Texas Company, 
135 East 42nd Street, New York 17, N. Y. 


DIVISION OFFICES 


HOUSTON 1, TEX 720 San Jacinto Street 
INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
LOS ANGELES 15, CAL... .929 South Broadway 
MINNEAPOLIS 3, MINN....1730 Clifton Place 
NEW ORLEANS 12, LA 1501 Canal Street 
NEW YORK 17, N. Y.....205 East 42nd Street 
NORFOLK 1, VA... .Olney Rd. & Granby Street 
1511 Third Avenue 


Texaco Petroleum Products are manufactured and distributed in Canada by McColl-Frontenac Oil Company Limited. 








